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iio 


Reynolds Number: 11410 
injection Subchannel: 50 (underlined) 


AXIAL POSITION €& 2 
AXILL LOCATION = 36.90C INCHES 
AVEPAGE SALT COKRCENTRATION =0.0028 G-SALT/LBM- WATER 


SUBCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-4 2 3 0 0 -1 
1 0 2 0 3 0 
0 1 0 0 2 
6 10 3 4 0 0 0 
1 6 3 2 0 0 
5 13 8 9 3 0 0 
0 13 14 4 1 0 0 
0 9 14 1¢ 11 5 0 0 


0 14 9 15 S 0 0 
C 3 14 2 5 0 0 10 
7 3 g 4 2 0 0 

0 4 r 13 6 0 0 

0 10 10 1 ) 0 
e 0 2 2 0 0 0 

0 1 C 5 3 

1 0 C 6 0 0 

4 1 -4 0 0 -1 


See Figure 4-40a for Wire Wrap Orientation 


Figure 4-50 





179. 


Meerak POST TIONe#* 4 
AXIAL LOCATION = 24.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0037 G-SALT/LBM- WATER 


SUBCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-1 2 3 0 3 -1 
1 0 2 0 mM 0 
1 y, 0 0 3 
0 11 8 5 1 0 0 
1 10 6 3 0 0 
5 14 15 17 6 0 0 
1 15 17 9 2 0 0 
. 9 16 19 18 6 0 0 
1 10 19 14 1 C 
-4 
0 1u 14 19 6 0 0 
0 3 15 13 8 0 0 10 
5 2 9 7 2 0 0 
0 3 3 13 8 0 C 
¢ 6 9 1 0 0 
O 0 1 1 0 0 0 
0 0 0 4 3 
1 0 0 5 0 0 
-1 ) 0 0 -1 -1 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-51 





180. 


AXIAL POSITION # 10 
BXIZL LOCATION = 18.00 INCHES 
AVERAGE SALT CCNCENTRATION =0.0040 G-SALT/LBM-WATER 


SURCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBA- WATER: 


-1 2 2 0 2 -1 
0 0 0 0 3 0 
9 0 0 0 3 
0 5 0 2 0 0 0 
0 0 1 1 0 0 
3 6 2 8 9 2 0 
0 ok 6 3 0 0 
0 2 eet "1 28 17 7 0 
C 0 12. il 20 8 2 
-1 
C 10 9 22 22 0 5 
C a 13 aes 26 0 2 18 
3 0 Vn 2 D 
0 1 aeeeeic | 23 6 0 
0 6 12 € 1 0 
0 : 2 5 2 0 0 
0 y 0 8 6 
1 0 0 7 0 9 
-1 0 0 0 0 -1 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-52 





Gi. 


meres POSITION # 16 
AXTAL LOCATION = 12.90 INCHES 
AVERAGE SALT CONCENTRATION =0.0041 G-SALT/LBM- WATER 


SUBCHANNEL SALT CONCENTRATICNS IN MG-SALI/LBA-WATER: 


-1 Z 2 0 3 -1 

1 J 0 0 4 0 

@ 0 ) 0 3 

(' 7 3 Z 9 0 0 

C 3 3 0 0 0 

3 12 17 26 6 0 0 
¢ 14 22 10 ) 0 0 
O 6 209 39 33 5 0 *) 


1C Be [40] 16 Q 0 


Cm) 


0 14 26 28 6 Q 9) 
v Q 20 3) 9 0 0 8 
=, 1 13 6 1 Q 0 

0 1 3 14 % 0 Q 

0 z) 6 0 0 0 
C 0 c 0 0 0 0 

C 0 0 3 3 

1 0 0 q 0 0 

=] cc 0 0 =a = 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-53 





182. 


Metal. POSITION # 2c 


meerAL LOCATION = 1C.CC INCHFS 
AVERAGL SALT CONCENTPATION =0.0038 G-SALT/LEM-WATER 


SUBCHANN=EL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


1 1 2 0 2 -1 
0 G 0 0 3 0 
C 0 c 0 3 
$ 5 C 0 0 0 0 
0 g 0 0 0) 0 
4 0 7 6 4 0 0 
0 3 12 3 0 0 0 
C 2 9 15 42 22 4 8 
C C 1G 28 26 8 0 
-1 
0 2 8 31 25 0 2 
* O 1, 20 38 0 0 21 
2 O g 13 12 0 0 
0 0 0 14 34 2 0 
0 4 7 C 0 0 
g C 0 C 0 0 0 
0 0 0) 4 3 
0 0 0 3 0 0 
-1 0 0 0 ~1 -1 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-54 





POS: 


Bx tAL POSITION # 22 
EXITAL LOCATION = 9.00 INCHES 
AVERAGE SALT CONCENTRATION =9.0039 G-SALT/LBM- WATER 


SUBCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER; 


= 2 2 0 3 =4 
( 0 0 0 5 0 
0 0 0 0 3 
0 5 0 C 0 0 0 
C 0 0 0 a) 0 
r 3 C 3 0 C 0 0 
C 3 11 1 a) C 0 
0 2 8 2B 38 4 6 0 3 
( 0 10 33) 16 0 0 0 
= 4 -4 
c 4 Pa 46 26 0 0 17 
0 C 14 a2 40 0 0 12 2 
3 C 24 a5; 10 0 0 
: 0 5 23 25 0 5 
0 4 9 2 0 0 
0 G 0 1 0 0 0 
| ° 0 0 \ 4 
0 0 0 3 0 0 
= 0 0 0 =4 ~4 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-55 











184, 


MATAL POSITION & 24 
Byeret LOCATICN = 6.0C INCHES 
AVERAGE SALT CONCENTRATION =0.0037 G-SALT/LBM-WATER 


SUBCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-1 1 1 0 2 -1 
0 C 0 0 5 0 
0 0 0 0 3 
0 5 0 0 0 0 0 
0 0 0 0 0 0 
3 3 5 22 1 0 0 
0 6 20 4 0 0 0 
9 3 19 48 35 2 0 0 
C 4 25 13 0 0 


C 7 34 48 1 0 0 
G C Zo 55 a J 0 7 
4 3 g 0 9 0 0 

J C 0 12 S 0 0 

C 4 5] 0 0 0 
C 0 C G 0 0 0 

U C C q 3 

1 y) 0 3 0 0 

=I 0 0 0 = = 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-56 





mer AL PUSITION st 28 


165. 


AXIAL LOCATION = 6.C? INCHES 
AVEPAGE SALT CONCENTRATION =0.0031 G-SALT/LBM- WATER 


SUBCHANNEL SALT CONCENTRATIONS IN MG-SALT/LBS- WATER: 


sal. 


0 
S 
0 m 
0 
0 1 
0 4 
0 1 10 
0 C 
-1 
0 2 
0 0 6 
2 y 
C 0 
C 
0 0 
C 
0 


0 0 0 
Q 0 C 
0 0 0 
¢ 0 0 
ie 0 0 
5 43 15 
27 27 0 
38 69 5 


mW [e4) 30 


5 31 1 
23 u 0 
1 0 0 

9 4 3 

0 2 0 
0 0 9) 
C 0 1 

J G U 
C 0 0 


Reynolds Number: 11410 
Injection Subchannel: 50 (underlined) 


Figure 4-57 
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191. 


Morea POSITION # 2 
AXIAL LOCATION = 36.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0046 G-SALT/LBM- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


-1 4 3 0 4 -1 
0 0 0 0 7 0 
0 0 0 0 6 
c 5 0 0 0 0 0 
0 0 0 0 0 0 
4 6 0 0 0 0 0 
0 3 5 0 0 0 0 
0 4 5 0 0 0 0 0 
0 0 5 0 4 0 0 
-4 
0 . 0 5 1 0 0 
0 0 5 0 0 0 0 5 
4 0 1 0 1 0 1 
0 1 0 7 0 0 0 
0 iu 9 2 1 10 
0 0 1 5 r 14 52 
0 1 6 16 20 
1 0 5 16 25 46 


Reynolds Number: 1542 
Injection Subchannel: 114 (underlined) 


See Figure 4-63a for wire wrap orientation 


Figure 4-63 


30 





192. 


arrow shows salt injection point 


@ 
26 


, /16 


Wire Wrap Orientation for Edge Injection At 
36, 28, 24, 20, 16, 12, 8, and 4 inches 


Figure 4-63a 





193. 


AXIAL POSITION # 4 
AXIAL LOCATION = 24.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0040 G-SALT/LBA-WATER 


SU23HANNSL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-1 0 0 0 1 -1 
C 0 0 0 3 0 
0 0 0 0 2 
0 3 0 0 0 0 0 
6 0 0 0 0 0 
1 2 0 0 0 0 0 
0 1 2 0 0 0 0 
0 0 2 0 0 0 0 0 
0 0 2 0 1 0 0 
-1 
0 1 0 1 0 0 0 
0 0 3 0 0 0 0 2 
1 0 0 0 0 0 0 
0 0 0 4 0 0 0 
0 2 3 0 9 0 
0 0 0 3 1 1 23 
0 0 9 15 16 
0 0 5 18 24 72 


' 
— 
© 
[e| 
—_ 
~~ 


51 =) 


Reynolds Number: 1542 
Injection Subchannel: 114 (underlined) 


Figure 4-64 





194. 


AXIAL POSITION # 10 
AXIAL LOCATION = 18.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0034 G-SALT/LBM- WATER 


SU2Z3HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


=4 0 0 0 2 =" 
Cc 0 0 0 3 0 
0 0 0 0 2 
e) Z Q 0 0 0 0 
0 ) 0 0 0 0 
| 1 0 0 0 0 0 0 
0 2 1 0 9) 0 0 
5 0 1 0 0 0 0 0 
Q Q 1 0 0 0 0 
= 1, 
0 1 a 2 0 0 0 
0 , 1 0 0 0) 0 0 
0 0 0 0 0) 0 0 
0 0 0 1 0 0 0 
C 3 4 0 0 0 
0 0 0 2 0 0 0 
0 0 7 15 12 
0 0 1 23 21 4 


-4 0 [o | 21 74 1 


Reynolds Number: 1542 . 
Injection Subchannel: 114 (underlined) 





Figure 4-65 





ve 


AXIAL POSITICN # 16 
AXIAL LOCATION = 12.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0028 G-SALT/LBM- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


-1 0 0 0 0 -1 
0 0 0 0 3 0 
0 0 0 0 1 
0 2 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 0 
0 0 1 0 0 0 0 
0 0 0 0 0 0 0 0 
0 0 3 0 0 0 0 
-1 
0 Q 0 1 0 0 0 
0 0 1 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 1 0 0 0 
0 1 2 0 1 0 
0 0 0 0 0 0 0 
0 0 7 12 2 
0 0 13 30 0 0 


keynolds Number: 1542 
Injection Subchannel: 114 (underlined) 


Figure 4-66 





196. 


AXIAL POSITION # 20 
AXIAL LOCATION = 19.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0026 G-SALT/LBM-WATER 


SUZ3HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


4 0 0 0 0 -1 
0 0 0 0 3 0 
0 0 0 0 0 
0 1 0 0 0 0 0 
0 0 0 0 0 0 
1 0 0 0 0 0 0 
0 0 2 0 0 0 0 
0 0 i 0 0 0 0 0 
0 0 2 0 2 0 0 
-1 
C C 0 0 0 0 0 
0 0 0 0 0 0 0 1 
0 0 0 0 0 0 0 
0 0 9 0 C 0 : 
| 0 1 2 0 j 0 
0 0 0 0 0 0 0 
0 0 0 7 2 
0 9 5 19 0 0 
= 0 0 85 42 -4 


Reynolds Number: 1542 
Injection Subchannel: 114 (underlined) 


Figure 4-67 
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202. 


me er ee 


BeelAL POSITION #€ 2 
AXIAL LOCATION = 36.00 INCHES 
AVERAGZ SALT CONCENTRATION =0.0040 G-SALT/LBM- WATER 


SUZ3HANNEL SALT CONCENTRATIONS IN MG-SALT/LBS- WATER: 


-1 1 1 0 3 =-1 
0 0 0 0 6 2 
0 0 0 0 1 
0 0 0 0 0 0 é 
0 0 0 0 0 0 
2 0 0 0 0 0 0 15 
0 1 0 0 0 0 1 
0 0 1 0 0 0 0 oO 41 
0 0 1 0 1 0 0 7 
- a4 
0 3 0 5 1 7 2 0 
0 G 4 0 0 14 3 7 27 
2 0 1 0 3 3 10 
0 0 0 8 0 2 2 17 
0 7 11 5 7 1 
G 0 2 5 9 13 11 
0 1 r 15 16 
0 0 3 14 13 7 


Injection Subchannel: 114 (underlined) 
Reynolds Number: 11410 


See Figure 4-63a for wire wrap orientation 


Figure 4-73 





205. 


AXIAL POSITION # & 
AXIAL LOCATION = 24.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0039 G-SALT/LBS- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBA-WATER: 


-1 0 0 0 3-1 
0 0 0 0 5 0 
0 0 0 0 2 
0 2 0 0 0 0 0 
0 0 0 0 0 0 
2 2 0 0 0 0 0 
0 1 1 0 0 0 0 
Coy oi 2 0 0 0 0 0 
0 0 2 0 0 0 0 
-1 
0 1 0 3 0 0 0 
0 0 3 0 0 0 0 2 
1 0 1 0 1 0 2 
0 0 0 7 0 0 0 
0 5 11 4 mn 13 
0 0 2 5 8 12 40 
0 1 8 16 19 
0 0 5 14 17 26 


Reynolds Number: 11410 
Injection Subchannel: 114 (underlined) 


Figure 4-74 
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MmerAL POSITION # 2 
AXIAL LUCATION = 36.00 INCHES 
AVERAGE SALT CONCENTRATION =0.C0043 G-SALT/LBM-WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


-1 0 -1 0 0 -1 

0 0 0 6 3 9) 

0 0 0 v 0 

0 0 0 0 C 0 0 

0 0 0 CG 0 0 

0 -1 0 0 0 0 0 
0 0 0 0 0 0 8) 
0 -1 - 0 0 0 0 0 

0 0 1 0 0 0 0 

-1 

2 -1 0 2 9 0 0 
Q 6 C 0 Q 0 0 5 
0 C 1 1 6 1 0 

6 G ) 11 0 12 \ 

0 3 13 Zz 23 14 
0 ¢ 2 17 37 31 20 

0 0 23 [ua | 36 

0 c 6 an 50 23 

- 1 0 0 6 15 -1 
Reynolds Number: 1542 


Injection Subdchannel: 


Figure 4-81 


94 (underlined) 


16 
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arrow shows salt injection point 





Wire Wrap Orientation for Peripheral Injection 
At 36, 28, 24, 20, 16, 12, 8, and 4 Inches 


Figure 4-81a 
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MeennL POSiLTION  #) 4 
AXLAL LOCATION = 24.0G INCHES 
AVERAGE SALT CONCENTRATION =0.0041 G-SALT/LB&- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/ULBS-WATER: 


= 0 = 0 ) = 
Q 0 0 Q 0 0 
C G 9) 0 0 
OQ C 0 0 0 0 0 
Q 0 0 0 VU 0 
=) 0 0 0 0 0 C 
0 ¢ 0 9) 0 0) 0 
0 = =| 0 0 0 0 0 
0 0 1 0 0 0 0 


Z 2 0 0 8 0 C 
C 0 0 0 0 y) 0 1 
0 0 0 0 3 0 9) 

0) 0 0 8 0 q 0 

0 1 12 23 21 “ 
U G 1 21 44 24 3 

G te) 33 [74] 30 

0 0 6 53 67 19 

= 0 9) 15 ZS =4 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-82: 
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RXIAL POSITION # 10 
meorreL LOCATION = 18.CC INCHES 
AVERAGF SALT CONCENTRATION .=0.0035 G-SALT/LBM- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER; 


= = 0 0 0 =; 
0 0 0 0 3 0 
0 0 0 0 0 
0 G 0 0 0 0 0 
0 0 0 0 0 0 
0 = 0 0 0 0 0 
0 =, 0 0 0 0 0 
C C 0 0 0 0 0 0 
0 0 1 0 0 0 0 
<r 
2 = 0 0 1 0 0 
0 0 0 C 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 2 0 2 0 
0 0 5 10 16 4 
0 C 0 5 38 OF 3 
O 0 10 [59] 56 
0 0 0 32 92 19 
a 0 0 7 25 za 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-83 
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AXIAL 


POSITION # 16 


214. 


BAXETAL LOCATION = 12.00 INCHES 
AVERAGE SALT CONCENTRATION =0.90027 G-SALT/LBM- WATER 


SU23HANNEL SALT CONCENTRATIONS IN HG-SALT/LBM~ WATER: 


-1 5 -5 1 -3 -1 

0 0 0 3 

0 1 1 0 3 

0 = 71 0 0 0 0 

0 1 0 0 

-2 -3 0 0 1 
71 -4 -3 #) 1 0 0 
6) -4 -3 1 1 0 0 1 

¢ 1 -2 1 = 1 

= 

4 -5 -4 0 1 
1 Q -2 0 Q Q 0 =Z 
-4 0 0 1 0 ¢) 0 

0 0 -3 0 0 

C =e =2 3 Z 
0 1 0 0 18 7 0 

1 0 29 {[98\ = 20 

¢ 0 91 92 

-4 0 0 17 20 = 
Reynolds Number: 1542 


Injection Subchannel: 


94 (underlined) 


Figure 4-84 
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AXIAL POSITION # 20 
AXIAL LOCATION = 10.50 INCHES 
AVERAGE SALT CONCENTRATION =90.0024 G-SALT/LBM-WATER 


SU2Z3HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-1 -4 -4 1 -2 -1 
0 1 0 0 ae 0 
C 1 1 0 -2 
0 aa 1 0 8) 0 0 
0 0 1 8) 0 0 
3 -8 1 0 Q 1 Q 
1 -4 ~-4 0 1 0 #) 
0 -3 -1 0 1 0 1 1 
0 1 = 0 =3 1 0 
-1 
5 = 6 Q ~4 0 1 C 
1 1 33 CG 0 0 0 = 
-5 9) 0 1 0 G 0 
0 0 1 =3 G 0 Q 
0 = 2 0 3 a ¢ 
0 y 0 6 32 9 0 
1 0 0 44 
0 1 0 28 138 1 
-1 0 0 Z 24 =|, 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-85 
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meri POSITION .# 22 
ment LOCATION = 9.900 INCHES 
AVERAGE SALT CONCENTRATION =0.0028 G-SALT/LBA-WATER 


SU2Z3HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATERS 


-1 -5 4 1 -2 -1 
0 1 0 1 ~1 0 
0 1 1 0 -1 
0 -2 1 0 y 0 0 
0 0 1 0 0 0 
-3 -6 1 0 0 1 0 
1 -4 -3 0 1 0 0 
0 -3 -3 0 1 C 1 1 
0 1 0 0 3 1 0 
-1 
5 -9 ) -5 0 9 1 
1 1 -2 0 1 0 0 -3 
-5 0 0 2 1 0 0 
0 0 0 =i 0 0 0 
0 -7 -2 0 1 0 
c 0 0 0 3 16 0 
1 0 0 |24} 92 
0 1 0 12 186 11 
-1 0 0 0 44 ~1 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-86 
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AXIAL POSITION # 24 
AXIAL LOCATION = 8.60 INCHES 
AVERAGS SALT CONCENTRATION =0.0029 G-SALT/LBA- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM- WATER: 


_-— _—— = 
0 1 0 1 24 0 
0 1 1 oO -=-1 
aes, : 0 0 0 0 
0 0 0 0 0 
Sh eer 1 0 0 1 0 
ees 3 0 0 0 
0 0 ” 0 1 
0 ee == Ome =o 0 
-1 
3 eee ie 0 0 0 
1 | es 0 0 9 ee 
EG O 0 1 0 0 0 
¢ 0 1 -4 0 : 0 
) See: 3 3 0 
O ¢ 0 0 41 5 0 
1 0 0 33 
0 1 0 45 183 0 
~1 0 0 4 16 #£=-1 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-87 
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AXIAL POSITION # 28 


AXLTAL LOCATION = 6.00 INCHES 
AVERAGE SALT CONCENTRATION =0.0024 G~-SALT/LBM- WATER 


SU23HANNEL SALT CONCENTRATIONS IN MG-SALT/LBM-WATER: 


-1 - 4 -4 1 -2 -1 
0 1 0 1 -3 0 
0 1 1 0 -4 
0 -2 1 0 0 0 0 
0 0 1 0 0 0 
-2 -3 0 0 0 1 0 
1 -3 -5 0 1 0 0 
C -3 -1 0 1 0 0 1 
0 1 -1 0 -3 0 
-1 
4 -8 0 -—4 @ O 1 0 
1 0 -2 a) 0 9 0 -3 
-3 0 9) 2 0 0 0 
0 0 1 =3 % 0 1 
0 -1 -3 0 0 0 
é 0 0 0 12 ) 0 
“ 0 0 71 33 
0 1 0 14217 0 
-4 0 0 0 19 -4 


Reynolds Number: 1542 
Injection Subchannel: 94 (underlined) 


Figure 4-88 
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Appendix 1 


COOLANT INTERCHANNEL MIXING 


Given the severe radial neutron flux gradients and the 
wide range of flow conditions present in Liquid Metal Fast 
Breeder Reactors (LMFBR), large temperature gradients may 
be predicted across the reactor subassemblies. However, the 
coolant mixing phenomenon between interconnected subchannels 
in wire wrapped geometries results in considerably less severe 
temperature fields than those which result when only conduction 
is considered{6]. The two major hydrodynamic effects of the 
presence of wire wrap spacers are that they increase the 
pressure drop but enchance flow mixing. The mixing phenomenon 


can be summarized as shown in Table Ale-l. 


The natural mixing effects, turbulent interchange and 
diversion cross-flow, are those mixing processes which act 
in the absence of protuberances in the rod bundles. Turbulent 
interchange results from natural eddy diffusion between the 
Subchannels. The time averaged magnitude of turbulent inter= 
change at any subchannel boundary is zero. 

Diversion cross-flow is the directed flow caused by 
radial pressure gradients between adjacent subchannels. 
These gradients are cuased by differences in subchannel 


heat-flux distribution and differences in subchannei hydraulic 
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diameter and fuel rod or flow housing eccentricity or bowing. 
Diversion cross-flow is most significant in the entrance length 
of channels, locations of abrupt geometry changes and locations 
where one subchannel boils sooner than adjacent subchannels, 
causing differences in void fraction and coolant properties 


between subchannels. 


Al.2. Forced Mixing Effects [8] 

Forced mixing is subchannel interchange caused by the 
presence of rod spacers or grids in the flow channel. The 
flow may be broken up in a random fashion which is called 
flow sweeping. Flow scattering is analogous to turbulent 
interchange in natural mixing while flow sweeping is 
analogous to diversion cross-flow. 

Flow sweeping is the predominant mode of energy 
transfer in LMFBR subassemblies. As the coolant proceeds 
axially through tne subassembly, the flow sweep between any 
two rods alternates in direction as shown in figure Al-l. 

The flow is maximum where the wires cross the gap between the 
rods, and it reverses direction between adjacent spacer loca- 
tions. At the subassembly walls, the flow, called swirl flow, 
is always in one direction. Fluctuations in swirl flow are 
caused by wire wraps alternately sweeping flow towards and away 


from the wall. At the axial location where sweep flow goes 
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to zero, a diversion cross-flow can exist which is periodic(1l). 
Yurbulent exchange causes no cross-flow but can affect 


momentum and energy balances. 


Al.3. significance of Mixing 
For LMFBR's, predictions of the reduction of 

temperature gradients by the mixing phenomenon in wire wrap 
spaced fuel subassemblies are significant for designing to 
limits in the following areas [7 ]: 

1. Cladding hot spots 

2. Fuel assembly flow housing bowing 

3. Subchannel flow blockage 

Core thermal performance is adversely affected by the 

larger the temperature difference between the nominal fuel 
cladding temperature and the hot spot limit. MThis 
temperature difference is affected by subchannel effects 
and detailed flow and geometry effects. The various 
effects are taken into account by hot channel factors which 
characterize coolant temperature and film temperature 
differences between subchannels. These differences are 
derived both from subchannel geometrical variations 
between bundle edge and central subchannesl which induce 
Subchannel velocity differences and from the radial 
power distribution. Local perturbations of a fuel rod and 


adjacent fuel rods cause circumferential cladding 
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temperature variations. Perturbations can be caused by 
fuel pellet stacking irregularities or cladding faults. 
Further effects are caused by the addition of fabrication 
tolerances in fuel rods, spacers and flow housing. Flow 
area differences can be caused by differences in thermal 
and irradiation swelling of fuel rods. Irradiation induced 
swelling of the stainless steel fuel rod is temperature 
dependent. Mixing acts to homogenize temperature imbalances 
between bundle subchannels and can have a large impact on 
local velocity profiles through diversion cross-flow and 
flow sweep. Accurate mixing predictions are,therefore, 
important in predicting hot channel factors. 

Flow housing bowing is caused by radial differences 
in bulk fluid temperatures and irradiation induced swelling. 
Duct bowing is important in fast reactors because they are 
neutronically sensitive to small amounts of fuel movement. 
Prediction of the mixing effect in flattening radial 
temperature profiles is important in accurately predicting 
flow housing deformations. 

The consequences of subchannel flow blockages in 
terms of downstream temperature excursions are likely to 
be lessened by mixing effects. This means, however, that 
there is less of a high temperature subchannel flow to aid 


in detection of a flow blockage. 
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Table Al-1l 


Mixing Phenomena 


Natural Mixing Effects Forced Mixing Effects 


Nondirectional Turbulent Flow 
flow effects Interchange Scattering 
Directional Diversion Flow 


flow effects Cross-flow sweeping 
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FUEL 
PINS 


GAP 
SPACE 
SPACER 
WIRE | 
WIRE 2 





- 0 +¢ 
CROSS FLOW 


Figure Al-1 (Ref. 2) 
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Appendix 2 


EQUIPMENT LIST 


“nis appendix is included to list the electrical and 
nydraulic equipment used, the chemical solutions associated 
witn conductivity measurements and commercial materials 


used in constructing the experimental apparatus. 


Table A2-1 


Experimental Equioment 


Chemicals and Solutions 
Tracer Salt: sodium Chloride, Mallinckrodt Chemical 


DoOnkcaOwm 7501. eer S. Purity. 


Meebinizing Solution: Yellow Springs Instrument Co., 
YSI 3140, Platinium Chloride 3% dissolved in 


@.025% Lead Acetate Solution. 


fell Cleaner: 100 milliliters Isopropyl Alcohol, 
MOwieialivers Ethyl Ether, 50 milliliters 
eoncentraved mivyadrochlorge Acid, and 50 


milliliters distilled water. 


Hlectrical tquipment 
Platinizing Kit: Yellow Springs Instrument Co., 


oul 3139). 
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Data Acquisition System: Designed and constructed by 
Alan S. Hanson, Graduate Student, Nuclear 


mpngineering Department, MIT. 


iydraulic nquipment 

Pump-Motor Sets: Bell and Gossett Co., Hydro-Flow 
Centrifugal pumps, Factory Numbers 436983 11W 
and 436984 11, Catalog No. 2-1/2A 7AB, 1510 
Type B, 20HP @ 3450RPM, 300GPM @ 180 ft. 
water (78psig). 

Main I*low Meters 
Pismer et OrverecO, , Precision Bore Flowrater, 
Model 10A3567A, SM6610A4743B1, Tube No. 
PP-2-27-6-10/83, Float T602GNSWGT-98, 
QO—-37GPM water. 
Piomer FOorter Co. , Precision Bore Flowrater, 
Tube No. FP 1-1/2-27-G-10/83, Model 10A 3563A, 
SN6612A400681, Float No. T6-11/2GNSWG 9-86, 
O-20GPM water. 
Fisher Porter Co., By-Pass Oriflowrater, Model 
No. B3565-7-3-GD-BSY, SN74O04A0514A2, Oriface 
Plate No. 625A016U06, O0-370GPM water. 

Injection Flow Meters 


usher SF Orver CO. , Precision Bore Flowrater, 
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Tube ilo, 2-F=1/4-20-5/70, glass float.. 
rasner Porter Co., Precision Bore Flowrater, 


Tube No. FP=1/8-20G, glass float. 


Materials 
Seainiess Steel Solder: STAIN TIN 15/PA, Eutectic 


and Castolin Institute 


Polyurethane: GLIDDEN All Purpose SPRED Urethane 


taduid' Plastie, 
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Figure A2-3 
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data points 


10 ZO JO | em/min 
0.022 0.0 4-4 0.06 © lb/min 
Flow Rate 


Calibration Curve For the 1/8 Inch 
Injection Flow Meter 
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Scale Reading 


Figure A2-2 Calibration Curve For the ¢ Inch 
Injection Flow Meter (Ref.4) 





low Rate 
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2 5)5 0 






parallel operation 


large 
rotameter 






small 
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O 20 40 60 BO 100 


Meter Reading 


Pigure A2-1 Flow Meter Calibration Curves (Ref. 4, ) 
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Appendix 3 


Data Reduction 


This appendix contains a listing of the computer 
programs used to reduce the salt solution mixing data. 
Instructions for punching the appropriate data cards for 
the programs are included. The following three programs 
were developed by Alan S. Hanson, a Graduate Student in 


the Nuclear Engineering Department. 


1. GEOSPLIT - calculates the geometrical 
parameters and the pressure drop for a 
given subassembly (wire wrapped) 

2. CALIB - calculates the calibration curves 
for the conductivity probes 

3. Data reduction program =—- reduces the data 
for a salt mixing experiment from voltage 
readings to axial salt distributions. 


Inputs from GEOSPLIT and CALIB are used. 
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GHOorLil Data Cards 
CARD BOOS FORMAT CODE WORD 
1 1-5 15 KASE 


Case number 


i 6-10 eS) JUS yay vy Ed 


Determines option of calculating flow split by 
setting velocity ratios or by Sangster method 
ISPLIT - 0 for Sangster 
Merbit —- 1 for velocity ratios 


1 11-74 16A4 TEXT 


Description of case 


a 1-10 F10.4 DIATOL 


Diametrical tolerance - difference between 
across flats of hex. with and without tolerances 


2 li-20 F10.4 FLOOSE 


Looseness factor 0 to l 
see reference 23. 


2 21-25 F5.0 PINS 


Number of rods 


2 26=35 F10.4 RC 


Duct corner radius 
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CARD SPACES FORMAT CODE WORD 


2 26-45 F10.4 DPIN 


Rod diameter in inches 


2 46-55 F10.4 DWIR 


Wire wrap diameter in inches 


2 56-60 F5.0 LEAD 


Wire wrap lead length in inches 


2 61-75 BFo.3 WFACT(1) ,I=1,3 
Fraction of wire per subchannel for each 

Subchannel type 

i. edge as On 


Oo. central - 0.5 
3. corner - 0.1667 


3 1-10 F10.4 CONST 


Constant in friction factor term. For example 
0.316 from Blasius equation 


5 11-20 F10.4 REXP 


Exponent on Reynolds number in friction 
factor equation. 


3 21-30 F10.4 TWATER 


Water temperature in degrees F 





ZONE’ 


CARD SPACES FORMAT CODE WORD 


3 31-40 F10.4 GTOT 


Flow rate in gpm 


Repeat for each case. For example a set of three 
cards is needed for each flow rate investigated. 


LAST CARD 5; 5 ISPLIT 


Numeral zero (0) to stop program 
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Data Cards for CALIB 


CARD SPACES FORMAT CODE WORD 
1 L=5 15 NPTS 
Number of points in calibration curve - 


corresponds to number of salt solutions used to 
calibrate the probes plus background. 


uf 6-10 15 NCOEFF 
Maximum number of coefficients which can 


be used to fit calibration curves. The order of 
the curves is NCOEFF - l. 


1 l1l=-15 I5 NCURVES 


Number of calibration curves to be calcultaed 


y 16-20 tS IN 


secondary storage unit . number 


1 21-25 I5 IPLOT 
i 26=30 lis: J PLOT 


Calibration curves are plotted for probes 
IPLOT through JPLOT 


1 SL 8)e ie: NPERT 


Controls number of points used in plotting. 
Use 5 for debugging and 7 for final work. 
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CARD SPACES FORMAT CODE WORD 
2 1-80 Il IFLAG 
3 1-46 iE IFLAG 


Zero (0) for probes which are faulty and one (1) 
for good probes. 
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Data Cards For Data Reduction Program 


CARD SPACES FORMAT CODE WORD 
1 1-5 Jue NPTS 


Number of points in calibration curve 


N 6-10 1 NCOBFF 


Maximum number of coefficients which can 
be used to fit calibration curve. 


it 11-15 ©5 NCURVES 


Number of calibration curves to be calculated 


il 16-20 iis IN 


Secondary Storage unit number 


i 21-25 LS IPLOT 
af 26-30 L5 JPLOT 


Calibration curves are plotted for probes 
meLOr through JPLOT. 


iL 31-35 305) NPERT 


Controls number of points used plotting 





Zoe. 


i 36-40 15 ICALIB 
Controls whether calibration data is read in 
from secondary storage or calculated as part of 


the program. ICALIB = 0 for secondary storage 
ICALIB = 1 if calculated in program 


2 tel Il IFLAG 
3 1-46 Il IFLAG 


0 for good probes and 1 for faulty probes 


4 1-10 F10.1 CINS 


Injection concentration in gm/lb of water 


4 11-20 ler slOle al WINJ 


Injection flow rate in 1b/min 


4 21-30 Beli WTOT 


Total flow rate in lb/min 


4 31-60 3F10.6 FLOFAC (I) 


Flow factors from output of GEOSPLIT in order of 
edge, center and corner subchannels 


») L=5 15 IO 


Secondary storage unit number 





255% 
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E 6-10 15 IEDGE1 
5 11=15 15 LEDGE2 


Beginning and ending numbers of edge probes 


5 16-20 15 INJ 


Injection subchannel number 


D 21-25 ibe NEDGE1 
5 26-30 ies: NEDGE2 
For edge injection only, the beginning and 


ending edge probes to be plotted to a max. of 15. 
Zero for no plots. 


2 Spb Si IBS: NC HAN 


Total plots to be made in multiples of four up 
to 24. One for no plots. 


6 1l=-5 ES ICNER1 
6 6-10 £5 ICNER2 


Beginning and ending numbers of corner probes 


i 1-80 8F10.4 AXPLOT (TI) 


Axial position of printout of planar salt 
distribution and plots of circumferential salt 
distribution. Card must be blank, have 4 or 8 positions. 


8 1-80 16I5 ICHAN(L) 
Numbers in groups of 4 of subchannels to be plotted 


in addition to edge subchannels plotted for edge 
injection. 
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Appendix 4 
FRICTION FACTOR CALCULATIONS 


A4.1. Wall Pressure Drop Data 

The approach in calculating friction factors from the 
wall pressure drop data (tables A4-3 and A4-4) is to average 
the pressure over the six wall pressure taps at each axial 
level. The difference between the respective average pressures 
(table A4-5) yields a friction factor as described below. 
There is one tap at each level that sees the same wire wrap 
orientation so that averaging cancels any dynamic effects(21]. 
Static pressure differences are canceled by placing all the 


gauges at the same height. 


ac 
= L ov 
AP =f De 2g (A4-1) 
W = pVApn = 499.74 G (gpm) (A4-2) 
therefore: 
_ 499.74 G ec 
VV = 0.088 G (A4—4) 
since: 
2APDeg 
f=—2 (A4-5) 


Lvs 
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therefore: 
P= fais AP (psi) A4-6) 
G 
and 
f = 2.87308 AP(in. H.0) (A4~7) 


A4.2. Injector Rod Pressure Drop Data 

The approach in calculating friction factors from the 
injector rod pressure drop data (tables A4-1 and A4-2) is 
to measure the slope of the plots of pressure difference 
relative to pressure tap one at the 42 inch tap level against 
distance from the bundle exit. The slopes yield a friction 
factor as shown below. Dynamic effects are neglected since 
local velocities are indeterminable. For this analysis, the 
slope of the dashed lines shown in the figures is used. 


The slope of the dashed lines is 


2 
oV 
ff De2ee (A4~8) 


(see equation A4-1) 





2 
Therefore dividing the slope by Gia yields f. 
re 


ov" 
2Dego 


2 


= 1.1602 x 107°G° (A4-9) 





4.3. 


where: 


or, 


where 


where 
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Novendstern's Friction Factor [15] 


esas 


f=M 
Re’: 


0.885 
29.7(P/D._)°*94 a0 + 086 
+ 


20239 
(h/D.,) 


1.034 
0.12 


(P/D,) 


0.885 
=” 034 + 29.7 534/. 02)-94 se 
(.5347.502)°°+¢ (4/,.502)2°239 


0.885 
{1.027 + 0.4373 pe? +086} 


0.885 
{1.027 + 0.623 a 


Rehme's Friction Factor [22] 


64 0.0816 
209 05, eka SCE ae 
Ret” 5010-133 
Re' = Re VF. 
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2.16 
r= a) «fle fa 
2502 i Dy 
He 2 0166 


Blasius! Friction Factor 


p= 02316 
Red? eD 





Flow Rate 
(gpm) 


Position 
(in.down 
from exit) 
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io .5 
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at 
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29 
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Keference 
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Table A4-1 


Pressure Drop Readings 


EDGE INJECTOR 


25 


Fabs Pair EAbs 


psi in.H,0 psi 


Zaleare 
alte) 


> 
On WN 
NO 
j= 


ib ofS: es 


ih 3) 9 
2.08 oF 
2.29 1 
2.6 


= © 
WI WDNY NY NY NH NN NNN NN NN NN NN DNDN ND 
Wd 
Wr 


40 


Pair Fabs 
in.H,0 psi 
43.4 2.45 
32 Sale 
31 
305.0 
30.5 
2) SS AL 
3056 
32 
28 
26.7 3.4 
ai 
26.5 
26.5 
26.5 3.48 
24.8 
ZOD 3-79 
21.6 
25.5 3.8 
PBRe eeaa2 
ails See OO, 
8.8 4.71 
fee 5.25 
5.6 


60 


Pair 
in.H.0 


ie 
61 


o2 


52 


50 


42 


38 
44 
33 
20 
1a 5 





Flow Rate 
(gpm ) 
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(in. down 
from exit) 
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14 
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1, 
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Zh 
AA. 5 
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we.5 
22 
Ee. 5 
24 
25 
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210 
28 
29 
30 
36 
42 
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94 


92 


S13, 


87 


( 


(le 
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72.5 
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62 
70 
60.2 
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Ze s 
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eo2 
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hs. 
wa 
47 


= WW 
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. 38 
35 
35 
532 
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03 
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DIN KANN DADA AH AH WKNWMHH NNN NNN Nn F&F FF + 
e ,: #oe# omc 


— 
© 


a5 
nOnG 


Table A4-1 Continued 
100 


Pair abs 
in.H,0 psi 
186 5 
77 
176 
165 
163 
149 
136 7.5 
58) 
i 703 
134 
1 36 7 oo 
132 
£27, > 
124 
116 8.45 
112 
112 8.6 
112 
119 8.65 
107 9 
98 SOF 
Le OEge 
oo 9.78 
86 105.35 
78 11305 
HY. 5 12.15 
2.5 14.18 
14.8 


125 


Pair 


in.H,O 


2 


204 


200 


196 


IL YAS: 


1 


174 
165 
144 
138 
141 
LAR 
107 

67 
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(in. down 
from exit) 
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Reference 


ie 


abs 


psi 
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10. 
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11 
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dae. 
5725 
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ESTE 
IP 3c 
5105) 
14, 
16. 
19. 
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13 
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45 
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92 
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Re) 
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Pair Fabs 
in.H,0 psi 
8.22 
273 tie val 
1225 
268 12.85 
12.8 
273. 12.6 
12.9 
25 aS 
13.95 
232 14.75 
AS oS 
225 15.15 
15.05 
228 14.92 
212 15.75 
186 17 
180 17.4 
eoey 17.1 
167 17.88 
WSIS, ILS) SS, 
Sy) ae, 
4.6 24.8 
Ds 3s 


Table A4-1 Continued 


Pair 


in.H,O0 


Z 


oe 
350 
350 
353 
358 
350 
336 
325 
304 
292.5 
292.5 
297 
302 
280 
243 
234 
244 
220 
183 


5 +25 


200 
Pabs Puif 
psi in.H,0 

9.75 

TOrez2 

IE AIOS 
12.68 

1 eR SIS: 

ie oe7 

1) 

14.8 

14.9 

16 LOO 
17.4 360 
777. 354 
17.5 358 
18.5 332 
20 + °+&#&4«288 
20.45 2°77 
ZO el eS 
21.05 260 
Zee, 217 
PASS) 

29.75 6.6 
30.5 
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TABLE A4-2 
PRESSURE DROP READINGS 
CENTER INJECTOR 


gpm 
Position abs aif Pabs Fair ee dae 
(in. down psi in.H,0 psi in.H,0 psi in.H.0 


from exit) 


le 
18 
Ho.5 
19 
19.5 
20 
20.5 
rat 
an. 3 
ae 
22.5 
23 
a3.5 
24 
25 
26 
zi 
28 
ag 
30 
36 
42 


Reference 


1.48 
1.68 


1.92 
2.08 
eee 
2.6 


22.2 
16.4 


14.2 


1.8 

2.18 
29 
lps 
ge 

2.18 
2.28 
PARAS 
Paes: 
gis 
2.3 

2333 
2.38 
230 
2.41 
2.5 

2.52 
2S 


(continued) 


43.2 
5.2 
Suh ez 
31 
50.2 
31 
Sins 
28 
28 
26.3 
27 
26. 
25. 
25-6 
24, 
22 
CA 
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Liye 
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W MO NW & 


OV CO COW © OV 


2.49 
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Go ® 
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maw & Fw W 
@ ® ce ® 
Or fo NSN 
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TABLE A4-2 (continued) 
PRESSURE DROP READINGS 
CENTER INJECTOR 


Flow Rate 80 100 125 
(gpm) 
Position abs ‘dif Pabs Pair Pabs Pair 
(in. down psi in.H,0 psi in.H,0 psi in.H,0 
from exit) 
12 3.19 118 4.0 171 5.35 
13 4,3 174 
14 4.8 163 
nS 4.8 163 
16 5.19 152 
ig 5.2 150 
18 4.19 92 5.58 134 Ta 199 
me, 5 Says) 355 
19 4.2 92 5.58 134 7.68 200 
19.5 5.68 132 
20 4.3 89 5.72 129 7.9 192 
20.5 5.93 126 
21 447 By 5.94 123 Sie 184 
21.5 6.0 122 
22 4.79 77 6. 38 ahs 8.85 168 
22.5 6.3 114 
23 4.78 4.5 6233 112 8.78 170 
23.5 6.55 111 
24 4.92 74 6.65 110 9.1 161 
25 5.0 71 6.82 103 9.15 158 
26 5.3 63 hee 95 9.98 137 
27 5. 38 62 qe} 94 10.0 136 
28 5a 35) 60 jee 85 10.3 128 
29 Bir 56 (As 80 10.6 121 
30 Bate 51 8.05 age yt 106 
36 6.65 28.5 8.85 39.2 e236 58 
42 7.31 4.7 10.0 6.6 13.95 alisl 
Reference 7.8 10.6 14.8 





oro. 


TABLE A4-2 (continued) 


Flow Rate 150 
(gpm) 
Position Fabs Pait 
(in. down psi tn. ns0 
from exit) 
12 1.03 
13 
14 
a5 
16 
ay 
18 ORE 268 
me. 5 
19 £0.05 271 
ee) 
20 10.42 259 
20.5 
el 10.9 247 
e.5 
22 est 225 
22.5 
23 11.65 227 
2) 
24 U2 a als! 214 
25 eas 206 
26 seo Los 
27 Poe 182 
28 ae ae ny 8 
29 14.05 162 
30 14.83 140 
36 G5 78 
42 toeoe 5 
Reference 19.98 


eee 


psi 


oe 


ene 
2d 
ret 
13.0 
WSigal 
Pw es) 
13.85 
14,02 
15.08 
14.9 
14.95 
LSA Cas, 
15n0 
a sya 
eo 
Iie 
Theis 
ewee 
19.25 
ers 
24.2 
25.3 


Pair 


in.H.0 
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Pabs 


psi 


10.32 
11,02 
LABS 
12.35 
12.4 
ee 0 
15 


15 


Hb ).65 


Jibs 5 


17.6 


17.4 
18.9 
20.2 
20a. 
19.02 
21.4 
22.7 
26.35 
eo 
30.5 


Pair 


in.H.0 


2 
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348 


355 
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320 
284 
288 
317 
253 
Za ded 


27.2 





TABLE A4-3 
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Pressure Readings 


PRESSURE TAPS 


42 Inches Below Exit 


Pressure Tap Al 
Flow Rate ‘abs Pair Fars Parr Pans Pair 
(gpm) psi in.H.,0 psi in.H,0 psi in.H,0 
0 1.75 3 0 3 0 
5 Ihete nae 0.25 Ihe Bie G25 
10 a8) Whe 58 0.25 Ibe. 2.0 
15 2 Is fe 0.25 eS 1.85 
20 2.2 9 0.25 1.88 15 
25 Bale Fass 0.25 eer 15 
30 2585 2a5 0.6 2.48 io 
5) SS 2.9 0.5 2.85 2.1 
40 Site 3.26 0.6 Sine 2.25 
45 4.2 3.78 On Sisal! 2.4 
50 4.8 4, 38 0.75 4.3 2.8 
60 SIS 5.3 0.7 Dc See 
TQ 6.75 eyey 0.75 6.28 4.0 
80 7.8 7.45 G6 fe33 4.0 
90 9.1 Oo fal yea 8.58 45 
100 10.6 NOs 06 Peo 9.93 See 
re5 14.8 14.22 et 14 8.4 
BF O 19. 98 DS es 2.6 18.95 ee 
a5 Ce 24.85 3.4 24.3 Viet 
200 30.5 29.9 4.2 29.2 Cee 
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TABLE A4-3 (continued) 
Pressure Readings 
PRESSURE TAPS 


42 Inches Below Exit 


Pressure Tap 4 5 6 
Flow Rate P abs Pair P abs Pair Pabs Paif 
(gpm) Den in.H.0 psi in.H.0 psi in.H,0 
0 (es O. es 0 106 3 0 
5 IAS eS 0.5 ise One. ils Sie: 1.9 
10 eS O25 ses 0.8 1.5 0.2 
Jos} 1.8 0.4 Pec 0.6 Ib Re 0.3 
20 1.95 0.5 1.98 0.75 2.0 0.2 
25 2.28 0.8 2.28 0.8 ees 0.2 
30 265 1.25 2.5 ie a BY 0.3 
35 Cos ie iD 2.9 i 2.92 0.4 
40 Sec en Bere TES 3.22 0.4 
45 Single ae Sin fi 2.0 3.78 0.5 
50 4.2 Bee 4.25 2.5 43 0.5 
60 536 105 4.5 BSC 3.0 555 Uno 
70 6.18 oo Omee Bac 6.4 0.7 
80 Hew@e ies 7.28 4.7 7.4 0.75 
90 8.42 9.25 8.48 By cee 0.8 
100 9.7 ee 5 9.82 625 10.18 0.8 
25 13.65 IAs 13.95 10 14.22 1.4 
5 O 18.45 25.4 alee fa Wea Os25 1.7 
i> Bi fl 35 24.28 18.25 24.9 eee 


200 265 SiG Hl 29.25 22 30 Oe 
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TABLE A4—4 
Pressure Readings 
PRESSURE TAPS 


l2 Inches Below Exit 


Pressure Tap 1 2 3 
Flow Rate ‘abs air Pans fair fans Pair 
(gpm) psi in.H.,0 psi in.H,,0 psi in.H.,0 
0 1.3 0 123 0 1.3 0 

5 1.39 2iA0 1 ae Ae 1.3 2. 
10 UE oe 5.0 JSS, 5-0 > 5.0 
15 1.5 Om eiCee el Oeel 1.48 10.0 
20 Se ees 7 > 1.52 13.6 1.51 13.4 
25 as 20.25 1.6 20.2 1.62 19.8 
30 1.68 25.25 1.69 25.1 ae 24.6 
35 1.8 Beet ere 32.5 iol. “3.7 
40 mee 39.25 1.88 39.1 1.89 38.3 
45 1.98 50 2.0 49.5 2.02 48.3 
50 ZnS OO 2.18 59. 252 57 
60 2.4 79 ZG I Als 20D 76 
70 2.68 102.5 2.78 99. 2.83 97 
80 2.99 123 3.05 122 sadly © ave 
90 3.35 147 3.49 144, 3.6 140 
100 3.78 178 3.9 174. 4.1 170 
125 del 253 5.32 247.5 5-6 241 
150 6.3 361 6.62 352. 7.05 340 
5 7.93 8.36 8.95 

200 9.3 9.88 10.65 





Pressure Tap 


280. 


TABLE A4=-4 (continued) 


Flow Rate fabs Pair Paps Pair Paos ‘aif 

(gpm) psi in.H,0 psi in.H.0 psi rie it~ O 

0 ime 0 0 ime 1.3 0 

5 1.3 2.0 ise) 2.0 38 2.0 
10 ss 5.0 gS 315 (8 LA Sis. 5.0 
15 1.48 10.1 1.48 10.1 

20 1h Sal ee 1.5 13.4 1.5 13.5 
25 63) 1955 1.63 19.75 ios — 20 
30 1 Bie 7 RS 1.69 24.8 
35 I Wisisy. Sc eal Peoe) 3S 1.82 32 
4Q 1.9 37.4 1.89 37.9 505, 36 36 
45 2.08 47.2 PeOT ) NT Ase IN 9 
50 2 Bae Cie: DOE Gil 2.2 57.5 
60 2.58 75 eet el eS 
70 2.92 94 2.88 97 2.8 98 
80 3.28 115 aoa gas 3.1 120 
90 SW Ee SCG 8 30 5 ea Sb deel 2 
100 4.22 166 4.14 168 4.0 172 
125 5.75 236 5.58 240 5.65 238 
150 7.38 332 URE Bois) 7.8 347 
175 9.35 9.015 8.61 
200 TJs JY) 11.05 10.4 
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Table A4-5 


Average Pressure Calculations 


42 Inches 
Below Exit 
Pipe Pair 
psi in.H,0 
1.45 On507 
Looe OU aoyess 
ars! 0.566 
1.985 0.533 
AIG YS 0.642 
250 ORo5o 
2.945 1.042 
BiaZzo 1.142 
Sate AS) 
4.37 1.625 
5.29 1.98 
6.38 2.54 
7 41 2.925 
8.67 3.54 
10.05 4.13 
14.14 6525 
19.12 9.08 
24.56 12.74 
29.64 15.72 


12 Inches Pressure 
Below Exit Difference 
Dave Pair ane Pair 
psi in.H,0 psi in.H,0 
eS 2 0.12 1.43 
Le 2S 5 0.22 4.42 
1.48 10.1 0.32 9.53 
iL 4 Gaal 13.49 0.48 12.96 
1.62 19.92 0.71 19.28 
1.69 274 0.87 23.88 
1.82 21-96 4.413 30.92 
1.87 25°43 4.44 37.28 
2.03 %'8:57 4.98 47.22 
2.2 56-75 2.46 55.13 
2.49 76:5 2.8 74.52 
2.815 76°92 3.57 95.38 
3.13 119°25 4.28 116.33 
3.55 11-55 5.12 138.04 
w.o2 ‘11:33 6.02 167.2 
5,5 242-58 9.64 236.06 
7.06 28:92 12.06 335.84 
8.7 15.86 

10.41 mOn2 3 
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Appendix 5 
MIXING DATA 


Listed in the order specified below are the 


mixing data for the mixing experiments analyzed. The 


readings are in grams of salt per pound of water. 


Mixing Data 
Central Injection - 25 gpm (Re = 1542) 
Central Injection - 185 gpm (Re = 11410) 
Edge Injection - 25 gpm (Re = 1542) 
Edge Injection - 185 gpm (Re = 11410) 


Peripheral Injection - 25 gpm (Re = 1542) 
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Central Injection Mixing Data (gm/lbm) 


Injection Subchannel: 50 


Reynolds Number: 1542 


Flow Rate: 25 gpm 


Injection Concentration: 25 gm/lbm 


Injection Flow Rate: 0.041 lbm/min 
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Central Injection Mixing Data (gm/lbm) 


Injection Subchannel: 50 


Reynolds Number: 11410 


Flow Rate: 185 gpm 


Injection Concentration: 25 gm/lbm 


Injection Flow Rate: 0.31 lbm/min 
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Bl3. 


Kdge Injection Mixing Data (gm/lbm) 


injection Subchannel: 114 


Reynolds Number: 1542 


Flow Rate: 25 gpm 


Injection Concentration: 25 gm/lbm 


Injection Flow Rate: 0.049 1lbm/min 
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Edge Injection Mixing Data (gm/lbm) 


Injection Subchannel: 114 


Reynolds Number: 11410 


Flow Rate: 185 gpm 


Injection Concentration: 25 gm/lbm 


Injection Flow Rate: 0.39 1b/min 
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Feripheral Injection Mixing Data (gm/lbm) 


Injection Subchannel: 94 


Reynolds Number: 1542 


Flow Rate: 25 gpm 


Injection Concentration: 25 gm/lbm 


Injection Flow Rate: 0.041 1lbm/min 
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Appendix 6 


HEATED ROD SPECIFICATIONS 


A letter follows which was sent to Watlow Electric 
Manufacturing Company requesting a cost estimate for heated 
rods with the given specifications. The specifications 


are based on suggestions by E. U. Khan. 





Boe 


Room 5-308 
Massachusetts Institute 
of Pechnology 
Cambridge, Mass 02139 

8 October, 1974 


Nise. Ml. Wrod 

Watlow Electric Manufacturing Co. 
12001 Lackland Road 

St. Louis, Missouri 63141 
314-878-4600 


Dear Mr. Wrob; 

Enclosed are the specifications for the heaters proposed 
for the experiment which I am doing under an AEC contract. 
Please give me an estimate for the two power levels and 
the two heated lengths noted. Also enclosed is a 

sketch of the experimental setup to help you in making 


your estimate. Thank you. 


Carl H. Oosterman 
Graduate Student 
Nuclear Engineering Dept. 
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Ghost seClLON 


open plenum 


{ ———> eravity drain 


test section 


interior is hexagonal 
60 4.266 inches across flats 


inches ° 


lower plenum with - 
flow straighteners 


mere { rom——>. 
* U 


i rd 


Enclosure(1) 
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HEATER SPECIFICATIONS 


4 


LOT GOs’ 


7 SS GEE. EEA ee 
a hg 
ain. dia. 


material 3oxs S53 
 . [SMEG SRG GEG GR 
}—_——— 24» 
38 


Case i Total power - 50 kw. with flat power distribution 
Heated length - a) 48 inches as shown 
b) 24 inches as shown 





oi 





Case 2 Total power - 30 kw. with flat power distribution 
Heated length - a) 48 inches as snown 
b) 24 inches as shown 
Fluid - water 
Power source - 230v - 600amp DC (no voltage control) 
Outside Rod Diameter - 0.500- 0.005 inches 
Wire Wrap - see Encl(3) 
Maximum Operating Temperature - 325 F 
Number of Cycles - 10 min. up to as many as reasonable 
Core - Miagnesium Oxide 
Insulation - Boron Nitride 
At least 6 feet of lead from the heater connection is 
required. This lead must be properly insulated against 
penetration by water as the heater may set in water £ Or 


long periods of time(150psi at a flow of 300grpm). 


Two terminals at one end is preferred although a terminal 
feeeeaon end is acceptable. 


Two }-inch holes are required in the rod as shown for 


locating and curport in the test section. 


Piierosure(2) 
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Each rod must be wound with a helical wire wrap. The 

wire wrap starts 6 inches from the bottom end of the 

rod and ends at the top end. The wire is 0.031 inches 

in diametcr - che pitch of the Felix is 4 inches. 

The wrap starts at the same angular orientation as 
the two + inch holes. “ire is wrapped clockwise as 
viewed from the bottom of the rod 


Enclosure( 3) 
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Appendix 7 


SHAVED WIRE WRAP GEOMETRY CALCULATIONS 


The unshaved wire wrap geometry calculations are done 
using constant cross-sectional areas of the wire wrap and 
rods (see sect. 2.1.1.2). With shaved wires the wire cross- 
sectional areas are not constant axially. Therefore, a method 
using weighted cross-sectional areas is used. The weighting 
factors are found by determining the volumes of wire present, 
per lead length, before and after shaving. The ratio of the 
latter to the former is the weighting factor used in the 
equations which follow. It is assumed that wires are shaved 
so that the wire is flattened with a surface parallel to the 
Ger tace it contacts. The volume of wire lost to shaving is 
found by calculating the cross-sectional area of wire shaved 
off at five locations equally spaced along the length of the 
wire shaved. Using the five cross-sectional areas, the volume 
shaved is found using Simpson's Rule. Simpsons Rule is appro- 
priate because it uses second order curves between points in 
determining the volume (see Fig. A2-1). 


1. Angle over which wire is shaved 


D: + D= 
aa: (A2-1) 


q -1 Dp 
@ = 2 cos bs =: 2D. 





Be. 


Shaved length 








1 
eo 2 2} 
L, = seo | (2m) ap lel } 
D + D. 
= Sa (A2-3) 
Cross-sectional areas shaved off 
A. Center of shaved length 
nD 
a3 = 5 (A2-4) 
B. Quarter points of shaved length 
mD<a pé 
Aso = 8gn = 77360) ~ Bin @ a 
where 
D + eD., D. + D. 
a D. ~ D. cos 6/2 


C. Beginning and end of shaved length 


ast i 355 = 0 


(A2=2) 


(A2-6) 


Simpson's Rule for volume shaved per wire wrap 


lead length 


ee: 
Mi cE (aoy 5 4a. i C23 a 4a sy - A555 


UNG) 





3 2)3Ic 


5. Wire volume per pitch before shaving 





mDé p 5 72 
Y=, (2Tr)” +h (A2-8) 
io (D,, 2 Dee (A2-9) 
6. Shaved wire factor, Edge subchannel 
V - Ve 
- = Vv (A2-10) 
7. Shaved wire factor, corner subchannel 
V - av. 
Sa .| saa” (A2-11) 


A similar approach is used to find the new wetted perim- 
eters. The are of the areas shaved are found for 5 positions 
along the shaved length for each pitch. Simpson's Rule is 
usedagain to find the resultant surface area lost. This is 
compared to the total unshaved wire surface area To give a 
wetted perimeter factor. 

iemeriee Ol area shaved 


A. Center of shaved length 





2. 8 = (A2ea>) 


D fe) 
eens § 2 57.3 a 
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waeemdca sot Shaved lengerch 


B, = B = 0 Chey ) 


2. oSimpson's Rule for surface area shaved 


tn 


Popo e- + 4B. iF 2B. + 4B) = 16 21) (A2-15) 


2 3 5 


SB» Wire wrap surface area before shaving 


he ee NS ae D (A2-16) 


S 


ay" 


4. Wetted perimeter factor, Edge subchannel 
A - A. 
We = —— (A2-17) 
5. Wetter perimeter factor, Corner subchannel 


A - 2A 
S 


We = — (A2-18) 


The adjusted equations for the shaved wire wrap are 


listed below. 


NE Me: 

£5 ae) ek 

Ne De ( 9) 

ven os D 

Deas ae “oa aS et (A2-20) 
2 Noah 

Aner NA, + Nea +: NA, ( ) 

P_ = N_.P_+ NP. +N.P Ch 225) 


Tl il Ze bro 
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Unit Subdivision Dimensions 


For 


Interior - unchanged (see Sect. 2.1.1.2) 
Edge 


Area for flow 


C 
D, TD 7 


2 
S 


Wetted Perimeter 


a sk 
P, = 5 D 


ii 
p + Pp +3 WAT. 


D 


Corner 


Area for flow 


_t : T 
eee ee RG 6s 
fee! in 
D. = 0.032 in. 
D, = 0-502 in, 
S, = 0.969 
So = 0.939 
We = , oer! 
ano. 6 


(A2-23) 


(A2-24) 


Ue 215) 


(A2-26) 
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areas and arcs were 
calculated for 
Simpson's Rule 


shaved portion 
of wire wrap 


D. 
wire 
wrap 
blanket 
fuel rod 

End View of rod and wire wrap 
Cross-section of wire 
blanket 


fuel rod i 


Figure A7-1 
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